The influence of viscous drag on dislocation motion in close-packed metals is examined. Three experimental measurements of the viscous drag are discussed , i. e. internal friction, strain rate vs stre ss, and stress-time-displacement measurements. Exp e rime ntal results of each of these methods are compared. Theories of dislocation-phonon and dislocation-electron interactions leading to viscous drag are briefly described.
I. INTRODUCTION
Viscous drag on dislocat ions implies the existence of a dissipative force, proportional to dislocation velocity.
The consequences of such a force and measurement of its magnitude are treated in this paper, and theories of its origin ar~ briefly described. We will restrict our attention to dislocations whose displacement does not involve the generation and motion of abrupt k i nks, as exemplified by dislocations in closepacked metals.
It will be shown that the existence of a viscous drag force has a profound effect on the slip behavior of crystalline solids even under conditions where the viscous forces on dislocations do not dictate the stress levels required to sustain the deformation rate. As dislocation velocities increase, the viscous drag forces on dislocations predominate over the other forces which act to resist dislocation motion, and under this condition the magnitude of the viscous drag and the number of moving dislocations dictate the stress level required to sustain the deformation rate. Their calculations predict that applied stresses of the order of twice the critical stress to break through the obstacles will produce essentially the free-fli g ht dislocation velocity which is governed by the viscous drag alone (and not the obstacles). At lower applied stresses, both the viscous dru g and the obstacles influence the average dislocation velocity. The dislocation motion which may be steady on a macrosc opic scale, is then discontinuous o ' t a scale which resolves the obstacles.
II. DISLOCATION MOTION WITH LOCALIZED OBSTACLES AND VISCOUS DRAG
If the obstacles are strong tut thermally pene trable, the average dislocation velocities at low stresses will be governed by the properties of the obstacles (not the 'liscous drag). The time for thermal activation is then long compared to the transit time between obstacles. The viscous drag plays an important role even in this case, as it limits the kinetic energy of the dislocation to a small fraction of the work done by the applied stress in moving the dislocation from obstacle to obstacle.
If the viscous drag were absent, this work would go into kinetic energy and be available to overcome the next obstacle. Thus, the obstacles would not control the dislocation velocity if there were no viscous drag.
To illustrate how effectively a small viscous drag dissipates the work done in driving a dislocation from obstacle to obstacle we will consider the simplified case of a straight dislocation, initially at rest but free to move under the influence of the applied stress and a The displacement is given by
The distance moved before the dislocation achieves 90% of its terminal velocity is given by 
Thus the dislocation reaches 90% of its terminal velocity before it travels a distance of lOb. When internal stresses are present with a wave length much greater than lOb, the dislocation will travel with a varying velocity which is at any point essentially equal to the terminal velocity associated with the stress at that point. Li 2 has shown that the average velocity of a dislocation is decreased by such an internal stress, even when the internal stress has a mean value equal to zero. The energy dissipated by viscous drag is unaffected by the internal stress whe n the mean value of the internal stress over the path of motion is zero.
III. MEASUREMENT OF THE VISCOUS DRAG COEFFICIENT.
Three different experimental methods have been used to obtain estimate s of the viscous drag coefficient in close-packed metals. They are internal friction measurements, stress vs strain rate measurements at strain 2 -1 rates > 10 sec , and dislocation displaceme nt me asurements.
The internal friction method employs very low alternating stress :3) Measurement 0 r the de c r e ment VS t e mpe rature at constant frequency a round the decrement peak.
4) Measurement at two fre~uencies of the stress amplitude which produces an internal friction peak in a specimen in both the superconducting and the normal state.
Methods 1) and 2) require the assumption that the dis.location network l e n gths do not change wita frequency, while method 3) requires that these lengths do not change with temperature. The first three methods give the ratio of B to the density of dislocations that contributes to the damping.
Method 4) obtains B without any assumption about the dislocation density, but it is based upon a more complicated dislocation model (methods 1-3 apply to the low stress range where the decrement is independent of stress amplitude).
The values of B calculated from decrement measurements will be over- 9 has argued that the low temperatur e meas urements may b e affec ted by a t e mperature dependence of the dislocation loop lengths. However, 4 Granato explained tha t, at high frequencies, the effec t of pinning points b ecomes n eg lig ible and then the temperature d e p e ndence of loop l e n g ths does not effect the temperature -dependence of B. 
7 and 9 indicates that p is j ndependent of stress and that
(10·) .
While the use of an effective stress (T -T ) in Eq. 8 may not be strictly and copper 22
